Studies suggest that primary extranodal follicular lymphoma (FL) is not infrequent but it remains poorly characterized with variable histologic, molecular, and clinical outcome findings. We compared 27 extranodal FL to 44 nodal FL using morphologic, immunohistochemical, and molecular genetic techniques and evaluated the clinical outcome of these 2 similarly staged groups. Eight cases of primary cutaneous follicle center lymphoma were also studied. In comparison to nodal FL, a greater number of extranodal FL contained a diffuse growth pattern (P = 0.004) and lacked CD10 expression (P = 0.014). Fifty-four percent of extranodal and 42% of nodal FL cases showed evidence of t(14;18), with minor breakpoints (icr, 3'BCL2, 5'mcr) more commonly found in extranodal cases (P = 0.003). Outcome data showed no significant differences in overall survival (P = 0.565) and progression-free survival (P = 0.627) among extranodal, nodal, and primary cutaneous follicle center lymphoma cases. Analysis of all cases by t(14;18) status indicate that the translocation-negative group is characterized by a diffuse growth pattern (P = 0.043) and lower BCL2 expression (P = 0.018). The t(14;18)-positive group showed significantly better overall survival (P = 0.019) and disease-specific survival (P = 0.006) in comparison with the t(14;18)-negative group. In low stage FL, the status of t(14;18) seems to be more predictive of outcome than origin from an extranodal versus nodal site.
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Key Words: follicular lymphoma, low stage, extranodal, t (14, 18) , breakpoints, LMO2, HGAL (Am J Surg Pathol 2009;33:591-598) F ollicular lymphoma (FL) is the most prevalent form of low grade B-cell lymphoma in adults in the United States. Although most FLs present with disseminated nodal involvement, primary extranodal FL is not infrequent. Most of the information regarding the frequency of primary noncutaneous extranodal FL is available from large studies evaluating all lymphoma subtypes occurring in specific extranodal locations. These studies suggest that primary extranodal FL comprises 1% to 38% of all primary lymphomas occurring at specific sites including 13% of female genital tract, 17% of testes, and 38% of duodenal lymphomas. 6, 8, 9, 14, 17, 18, 32 Taken together, these studies suggest that certain extranodal sites have a relatively high frequency of involvement by primary FL.
The clinical outcome of extranodal FL has not been evaluated extensively. Previous studies suggest an indolent clinical course and prolonged survival for primary FL occurring in the gastrointestinal tract. 25, 32 Similarly, small studies of primary extranodal FL in the testis and salivary gland found a favorable outcome. 3, 16 However, these studies did not compare this disease to similarly staged nodal FL. The single study comparing outcome of 15 primary noncutaneous extranodal to 87 nodal FL found no difference in progression-free survival (PFS) or disease-specific survival (DSS). 11 Of note, that study only included patients with stage I FL. 11 In contrast to patients with stage III and IV FL, patients with stage II FL have a similar disease course to stage I FL and both are successfully treated with localized radiation therapy. 1, 19, 28 The genetics of primary extranodal FL are also not well understood. Up to 95% of all FL contain a translocation between chromosomes 14 and 18, involving IGH at 14q32 and BCL2 at 18q2113. In contrast, variable rates of t(14;18) have been reported in primary extranodal FL presenting in different anatomic sites. In primary cutaneous follicle center lymphoma (PCFCL), which represents one of the best studied extranodal FL, the rate of t(14;18) varies from 0% to 51%. 10, 15, 26, 31 In 2 studies of primary gastrointestinal FL, this translocation was present in 15 of 18 cases. 5, 25 In contrast, an absent or low translocation rate was noted in FL presenting in the testis and salivary gland. 3, 16 In a study of primary noncutaneous extranodal FL, Goodlad et al 11 found the translocation in only 2 of the 14 cases studied. The widely ranging rate of t(14;18) could indicate site-specific differences in primary extranodal FL.
As the IGH/BCL2 rearrangement is a relatively specific molecular marker of FL and has been used for diagnostic and disease monitoring purposes, it is important to establish its frequency in all subtypes of FL. To date, only 1 study has evaluated the frequency of t (14;18) in stage I FL. 12 Goodlad et al found that among 47 patients with stage I FL, a subgroup exists that is characterized by a lack of t(14;18) with a predilection for extranodal sites and a better prognosis. 10 However, that study included 15 PCFCL cases, which often lack t(14;18) and seem to be a unique disease group with a better outcome.
The aims of the current study are 2-fold. First, we characterize and compare stage IE and IIE extranodal with similar stage nodal FL. We use morphologic, immunohistologic, and molecular genetic techniques and compare the clinical course of these 2 disease groups. Second, we report the frequency of t(14;18) in these low stage patients. Although up to 30% of patients with FL present with low stage disease, 2,24,27 the rate of t (14;18) in this subgroup has not been reported. We also evaluate the characteristics and clinical outcome of the t(14;18)negative group with those of the t(14;18)-positive group. Finally, BCL6 translocations are evaluated to further characterize the pathogenesis of low stage FL.
METHODS

Case Selection
Seventy-one patients with stages I and II extranodal and nodal FL diagnosed between 1969 and 2007 at Stanford University and Palo Alto Veterans Hospital and Clinics with available materials, clinical follow-up, and staging information were identified for this study. Eight patients with PCFCL diagnosed between 1999 and 2007 with clinical outcome information were also included. Staging information was retrieved from a retrospective chart review. The staging evaluation included blood work, chest radiograph, and computed tomography scan. Additional studies included lymphangiography, ultrasonography, bone marrow biopsies, and bone scans. Patient data are summarized in Table 1 . Within the extranodal FL group, only 5 of 27 cases were biopsies and the rest were considered excision specimens. This study has been approved by Stanford's Institutional Review Board.
Nodal/Extranodal Definition
Lymphomas presenting in extranodal noncutaneous organs with no lymph node involvement (stage IE) or only minor local lymph node involvement (stage IIE) were considered eligible for this study. Clinically significant involvement of the surrounding nodal sites was considered as nodal FL. Lymphomas with localized lymph node involvement (stages I and II), and also those presenting in the tonsil, were considered nodal disease.
Eight patients confirmed to have disease limited to the skin were also studied.
Histology
Grading was performed using the criteria of the 2001 World Health Organization (WHO) and 2005 WHO-European Organization for Research and Treatment of Cancer classifications. 13, 30 Noncutaneous FL cases with grade 3b morphology were excluded from this study. The lymphomas were graded independently and discrepant cases were reviewed by the authors (O.K.W. and D.A.A.) to arrive at a consensus. The follicular growth patterns were assigned using the WHO criteria. 13 
Immunohistochemical Studies
Immunohistochemical studies were performed on formalin-fixed, paraffin-embedded whole tissue sections as previously reported 21-23 using the following antibodies: BCL6 (mouse monoclonal, prediluted, Cell Marque), BCL2 (mouse, 1:20, Cell Marque), CD3 (rabbit polyclonal, 1:200, Cell Marque), CD10 (mouse, 1:20, Novacastra), CD21 (mouse, 1:20, Dako), Ki-67 (mouse, 1:200, Dako), CD20 (mouse, 1:1000, Dako). Human germinal center-associated lymphoma (HGAL) and LMO2 staining was performed as previously described. 25, 26 Colon (3) Thyroid (2) Eye (4) Uvula (1) Testes (1) Ovary (1) Spleen (1 Automated staining was performed on Dako and Ventana systems (Dako Cytomation, Carpinteria, CA; Ventana Medical Systems, Tucson, AZ). Tonsil tissue was used as positive controls and staining with omission of the primary antibody was performed as a negative control. The stains were scored on a scale of 0 to 4 based on the percentage of stained neoplastic cells: 0 = no cells stained, 1 = <25%, 2 = 25% to 50%, 3 = 50% to 75%, and 4 = >75%.
Real-time Polymerase Chain Reaction Detection of t(14;18)
Genomic DNA was extracted from paraffinembedded tissue blocks or slides using DNeasy Tissue Kit (Qiagen, Valencia, CA) according to the manufacture's protocol. Real-time polymerase chain reaction (PCR) was performed as previously reported 29 with primers designed to detect MBR, mcr, icr, 3'BCL2, and 5'mcr breakpoints of the BCL2 gene.
Fluorescence In Situ Hybridization Analysis
Fluorescence in situ hybridization (FISH) analysis was performed on unstained paraffin-embedded tissue sections with appropriate controls as previously reported 29 using a dual color, dual fusion IGH/BCL2 translocation probe, and a dual color, break apart BCL6 probe.
Statistical Analysis
Overall survival (OS) was defined as the time interval between the date of diagnoses and the date of death or last follow-up. DSS was defined as interval from diagnosis until death when the underlying cause of death was lymphoma or treatment toxicity, with all other causes of death censored. PFS was defined as the time interval between the date of initial diagnosis and the date of disease progression or death from any cause, whichever came first, or date of last follow-up. Patients who were not initially treated were excluded from the PFS analysis. Survival curves were estimated using the Kaplan-Meier methods and compared using the log-rank test. Followup information was obtained from medical records and included response to therapy based on the Cheson et al criteria. 4 Variables were compared using w 2 test and Mann-Whitney U test. SPSS version 13 was used for all analysis.
RESULTS
Immunohistochemical Analysis
The distribution of grade and growth pattern in extranodal FL, nodal FL, and PCFCL is summarized in Table 2 . The architecture was easily assessed in all cases within 3 groups. Growth pattern was determined on hematoxylin and eosin slide and confirmed with a CD21 stain. Although the grade distribution was similar, the extranodal FL was more likely to exhibit a predominantly diffuse pattern as compared with nodal FL and PCFCL (P = 0.004). There was no correlation between grade and growth pattern (P = 0.969). Among cases with diffuse growth pattern, most were grade 1 (12/20, 60%), as compared with grade 2 (4/20, 33%) and grade 3 (4/20, 33%).
The diagnosis of B-cell lymphoma was confirmed with a CD20 stain. Scattered T cells were highlighted with CD3 and tended to concentrate in the interfollicular areas. We used a Ki-67 stain to measure the proliferation index on whole sections. Although the proliferation index did not vary significantly among extranodal, nodal, and PCFCL groups (Table 2) , it showed a linear correlation with grade (P = 0.036).
The fraction of patients that were CD10-negative was significantly higher among extranodal (9/27, 33%) as compared with nodal FL (5/44, 11%) (P = 0.012). An example of a CD10-negative extranodal FL is shown in Figure 1B . Positive internal control, which included staining of fibroblasts, endothelial cells, granulocytes, was present in all of CD10-negative cases. Among the CD10-positive cases, the number of CD10-positive neoplastic cells was higher in the nodal as compared with the extranodal FL (P = 0.005). In contrast to nodal FL, most of the PCFCL (5/8, 63%) cases were CD10negative. Thus, similar to PCFCL, extranodal FL cases were significantly more likely to be CD10-negative as compared with nodal FL ( Table 2 ). Comparison of CD10 staining with growth pattern in all 3 FL groups showed a significant correlation of absence of CD10 expression with a diffuse growth pattern (P = 0.01). However, within the extranodal FL group, no significant correlation of CD10 staining with growth pattern was seen (P = 0.095).
Although a greater number of nodal FL cases lacked BCL2 protein expression (10/44, 23%) as compared with extranodal FL (3/27, 11%), this difference was not statistically significant ( Table 2 , Fig. 1D ). In addition, the number of BCL2-positive neoplastic cells was not significantly different between the extranodal and nodal groups (P = 0.354). In the PCFCL group, 5/8 cases (63%) lacked BCL2 coexpression. Thus, in contrast to PCFCL, primary extranodal and nodal FL demonstrated a similar frequency of expression of BCL2 protein.
HGAL is a newly characterized germinal center B-cell marker. 22 The majority of cases studied (78/79, 98% cases) exhibit strong cytoplasmic staining of both the follicular and interfollicular neoplastic cells for HGAL (Fig. 1E ). The number of neoplastic cells stained for HGAL was similar between extranodal, nodal, and PCFCL. We also evaluated LMO2, a cysteine-rich LIM domain-containing transcription factor. 23 The majority of the cases (78/79, 98%) showed nuclear staining of the follicular and inter-FL cells (Fig. 1F) . A comparison of extranodal, nodal, and PCFCL cases showed no difference in the number of neoplastic cells stained (P = 0.275).
The neoplastic cells in the majority of nodal, extranodal, and PCFCL cases demonstrated nuclear staining for BCL6 protein ( Table 2 , Fig. 1C ). No significant difference was noted in the number of neoplastic cells stained for BCL6 between extranodal, nodal, and PCFCL cases (P = 0.194).
Frequency of BCL2 Breakpoints and FISH Results
Seventy-four cases were studied for 5 IGH/BCL2 translocation breakpoints using real-time PCR and the results are summarized in Table 3 . Screening for translocations in BCL2 using MBR primers demonstrated the presence of a breakpoint in 24 patients. The minor breakpoints included: icr in 12 cases (33%), 3'BCL2 in 6 (17%), and 5'mcr in 1 case (1%). Correlation with the location showed that breakpoints occurred in the MBR region with a similar frequency in all 3 subgroups, however, the minor breakpoints were more prevalent in extranodal FL (P = 0.003). No breakpoints were detected in the remaining 38 cases (51%).
The 38 PCR-negative cases were tested for IGH/ BCL2 translocations using FISH. Of the 38 PCR-negative cases, 1 PCFCL case contained t (14;18) . All 74 cases were evaluated by FISH for the presence of BCL6 translocations (Table 3) . Four cases (5%) contained BCL6 translocations and one of these also contained an IGH/ BCL2 rearrangement. Of the 4 patients with BCL6 translocation, 3 had nodal and 1 had extranodal FL.
Analysis of Immunohistochemical Data by t(14;18) Status
Using PCR and FISH methods, the overall frequency of t(14;18) was low in this study, present in 36/74 (49%) of all cases. On the basis of the PCR and FISH results, the cases were divided into 2 groups, t(14;18)positive and t(14;18)-negative, and compared using the same analysis as described above. Although the grade distribution was similar in both groups (P = 0.363), there were differences in growth pattern with a predominance of a diffuse pattern in t(14;18)-negative cases (P = 0.043, Table 4 ).
The immunohistologic staining patterns of the translocation positive and negative groups was also compared ( Table 4 ). Fewer cases showed BCL2 protein expression in the t(14;18)-negative group as compared with t(14;18)-positive group (P = 0.018). In addition, fewer BCL2 positive neoplastic cells were present in the t(14;18)-negative group (P = 0.03). Excluding the PCFCL cases from analysis by translocation status led to a similar finding: t(14;18)-negative cases were associated with decreased BCL2 protein expression (P = 0.012). Thus, the FL cases with t(14;18) more frequently expressed BCL2 protein. The remaining stains did not vary with translocation status.
Clinical Outcome
Clinical follow-up information was available for 20 patients with extranodal FL, 42 with nodal FL, and 8 with PCFCL ( Figs. 2A, B) . Although more patients with primary extranodal FL (17/20) and PCFCL (8/8) were alive at last follow-up as compared with nodal FL (30/42), this did not reach statistical significance (P = 0.56). Transformation to a diffuse large B-cell lymphoma occurred in 1 of 20 (5%) extranodal FL, 6 of 42 (14%) nodal FL, and no PCFCL patients (P = 0.335). Treatment was given to 7 of 20 (35%) extranodal FL, 30 of 42 (71%) nodal FL, and to 5 of 8 (62%) PCFCL patients (Table 1 ). In the 12 patients who were not initially treated, time to first treatment was 4.3 years and the remaining 16 patients continued to be observed. As compared with nodal FL, treated patients with primary extranodal FL had shorter PFS, but this did not reach statistical significance (P = 0.192). The OS and DSS were similar between primary extranodal and nodal FL groups (P = 0.972 and 0.480). A comparison of primary extranodal, nodal, and PCFCL groups also showed no significant differences in PFS, OS, or DSS (P = 0.565, P = 0.627, and P = 0.722; Figs. 2C, D) . Further separating patients into 4 groups, including extranodal, gastrointestinal, nodal, and PCFCL did not reveal significant differences in OS, DSS, or PFS (P = 0.395, P = 0.678, P = 0.566).
Comparing outcome according to t(14;18) status revealed that those patients with the translocation had longer OS and DSS as compared with those without (P = 0.019 and P = 0.006, Fig. 2E ). The mean OS in t(14;18)-positive patients was 24.5 years (95% confidence interval, 19.4-29.6 y), whereas it was 14.5 years (95% confidence interval, 10.6-18.4 years) in the t(14;18)-negative group. Furthermore, a trend toward longer PFS was present in t(14;18)-positive FL patients though this was not statistically significant (P = 0.131, Fig. 2F ). Excluding the PCFCL cases from this analysis did not change the findings: the t(14;18)-positive patients showed longer OS and DSS as compared with t(14;18)-negative patients (P = 0.024 and P = 0.008). Excluding patients with noncutaneous grade 3 FL from this analysis also did not change the findings: OS and DSS of patients with t(14;18) was significantly longer as compared with t(14;18)-negative patients (P = 0.016 and P = 0.003).
Analysis of OS, DSS, and PFS by histologic grades showed no significant differences (P = 0.671, P = 0.158, P = 0.703). Analysis of OS by FL growth pattern showed that patients with a diffuse pattern had a worse OS and trend for shorter DSS as compared with those with predominantly follicular or a mixture of follicular and diffuse patterns (P = 0.002, P = 0.059); however, no differences in PFS was seen in these 3 groups (P = 0.871). Comparison by stage showed that stage I FL had similar OS, DSS, and PFS as stage II FL (P = 0.811, P = 0.973, P = 0.946).
DISCUSSION
FL is one of the most prevalent lymphoma types in Western countries. Primary extranodal FL is less common, with reported frequencies ranging from 1% to 38%. 6, 8, 9, 14, 17, 18, 32 Whereas much is known about PCFCL, primary noncutaneous FL remains poorly characterized with variable histologic, molecular, and clinical outcome findings. In the largest study to date of primary extranodal FL, Goodlad et al 11 found that 5 of 15 cases had a diffuse growth pattern and only 9 of 15 expressed BCL2; however, a histologic and immunohistochemical comparison to a similar stage nodal FL was not made. By comparing 27 primary extranodal to 44 nodal FL, we confirm in a larger series of extranodal FL that these exhibit a diffuse growth pattern. In contrast, our extranodal FL cases are more often CD10-negative although no differences in BCL2 protein expression were seen. Furthermore, no correlation of CD10 expression and growth pattern is present within our extranodal FL group. This difference in immunohistologic patterns could be due to inclusion of patients with stage II FL. However, comparison of stage I to stage II cases in our series showed no significant differences in grade, growth, or immunohistologic patterns.
To characterize the molecular differences in low stage FL, we studied 74 cases using PCR and FISH analyses. Although both extranodal and nodal FL contained t (14;18) in similar frequency, a significantly higher number of minor breakpoints are present in extranodal FL. The most common minor breakpoint was icr, present in 12/74 (16%) of all cases and in 8/26 (31%) of extranodal cases. These findings are consistent with what we previously reported in 236 FL cases, where icr comprised 13% of all cases. 29 Importantly, this finding implies that the standard PCR primers currently used by many laboratories that target only MBR will fail to detect the translocation in a significant proportion of low stage FL cases.
Our results demonstrate a low rate of t(14;18), which was present in only 38/74 (51%) of patients with low stage FL. Using a similar PCR and FISH approach, we recently found this translocation in 222 of 236 (94%) of patients with advanced stage FL. 29 Thus, this difference in frequency of t(14;18) is likely related to the stage of the disease at presentation. The absence of t (14;18) in stage I FL has also been recently reported by Goodlad et al. 12 On the basis of their findings, Goodlad et al proposed a subtype of FL that lacks t(14;18), has lower BCL2 and CD10 expression and occurs more often in extranodal sites. 12 Though we also find decreased BCL2 expression in t(14;18)-negative cases, no differences in CD10 expression or extranodal presentation are identified. Furthermore, excluding stage II and PCFCL cases from our cohort did not change the results. Thus, the t(14;18)negative cases in our study differ from t(14;18)-positive FL by exhibiting a diffuse growth pattern and decreased expression of BCL2 protein.
The differential diagnosis of t(14;18)-negative FL includes follicular colonization by marginal zone B-cell lymphoma. Most of the t(14;18)-negative FL cases (37/38, 97%) in our study show expression of BCL6 protein by the neoplastic lymphoma cells. A recent study by Dogan et al 7 showed that most cases of FL (34/36, 94%) expressed BCL6 whereas all marginal zone lymphomas were BCL6 negative (0/10, 0%). Moreover, Naresh 20 evaluated nodal marginal zone lymphomas with prominent follicular colonization and also noted that in all cases the neoplastic cells were BCL6 negative. These studies suggest that BCL6 is a sensitive marker for follicle center derivation. In addition, the newer germinal center markers utilized in this study, LMO2 and HGAL highlighted most of our cases (37/38, 94% and 38/38, 100% respectively), providing further support for t(14;18)-negative FL.
Our clinical outcome data shows that t(14;18)negative low stage FL have significantly worse OS, DSS, and trend for shorter PFS as compared with t(14;18)positive cases. In contrast, Goodlad et al 12 found that t(14;18)-negative cases had a better OS and PFS in their study of 47 stage I FL cases. The difference could be due to inclusion of patients with stage II FL in our study. However, comparison of stages I and II FL shows no difference in OS or PFS. Furthermore, the distribution of stage II is similar in 2 groups, with stage II cases comprising 26% of t(14;18)-negative and 29% of t(14;18)positive groups.
In summary, this is the largest study to date comparing similarly staged extranodal and nodal FL. We found that similar to PCFCL, extranodal FL contains a diffuse growth pattern and decreased CD10 protein expression. An unexpectedly high number of low stage FL lack t(14;18) and these cases have decreased BCL2 protein expression. Importantly, the t(14;18) status seems to predict OS, DSS, and PFS better than extranodal versus nodal status in low stage FL.
